Biogas production from anaerobic digestion of fruit and vegetable waste from Johannesburg market by Maile, Ireen et al.
  
Biogas Production from Anaerobic Digestion of Fruit and Vegetable 
Waste from Johannesburg Market  
Ireen Maile1, Edison Muzenda 1, 2, Charles Mbohwa 3  
1 Department of Chemical Engineering, University of Johannesburg  
2 Department of Chemical, Materials and Metallurgical Engineering, Botswana International University of 
Science and Technology. Visiting Professor, University of Johannesburg 
3 Department of Quality and Operations Management, University of Johannesburg 
Abstract. Biogas production from anaerobic digestion is a promising technology for sustainable energy 
development. Biochemical methane potential (BMP) tests are normally run to determine the possible 
methane that can be obtained from each biomass. The aim of this study is to determine the biochemical 
potential of fruits and vegetable wastes from the Johannesburg market. The biochemical methane potential 
tests were carried out using the bioprocess control Automatic Methane Potential Test System (AMPTS) II 
machine. The initial pH of the feedstock was low during the preparation of the feed since fruits and vegetable 
waste (FVW) are acidic and thus buffer solutions were used to increase the pH to 6.5-7.5. The BMP for the 
FVW was determined to be on average 300 ml CH4 /g VS added with methane content between 50-60 % 
volume.  
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1. Introduction  
Biogas can be used in place of fossil fuel derived energy and it is clean and renewable [1], [2]. Different 
biomass are used for anaerobic digestion that includes; waste water, sewage sludge, food waste, fruits and 
vegetables waste, municipal solid waste [3]-[8]. Biogas production has multiple benefits; energy production, 
waste minimization, from landfilling reduction and reduction of pollution levels, bio-fertilizer from digestate, 
pure chemicals, and creation of green jobs [9].  
Biochemical methane potential (BMP) tests are normally run to determine the possible methane that can 
be obtained from each biomass. This tests help in process optimization and also establishing the profitability 
of the anaerobic digestion plant in terms of yield and quality of the gas produced in respect to the substrate 
[1]. A laboratory scale batch system is normally used which determines the ability of substrate to produce 
biogas. However, fruits and vegetables are normally acidic and therefore a pH control needs to be applied to 
monitor and keep it at the optimum condition.  
The BMP of waste water, sewage sludge, food waste, fruits and vegetables waste, municipal solid waste 
was studied and determined to be 190-320 ml CH4/g VS, 101-349 ml CH4/g VS, 245-510 ml CH4/g VS, 470 
ml CH4/g VS, and 60-580 ml CH4/g VS respectively [10]-[14]. Biodegradation of organic waste, especially 
fruits and vegetable waste has been widely studied, however for fruit and vegetable markets an intensive 
study is needed for optimization of the process parameters for maximum gas yield. Thus study focused on 
the biochemical potential of fruits and vegetables from the Johannesburg market.  
2. Materials and Methods 
The biochemical methane potential tests were carried out to determine the potential of the (fruit and 
vegetable waste) FVW from the Johannesburg Market.   
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2.1. Materials 
The materials used were FVW from the Johannesburg Market (City Deep), cow dung to provide the 
necessary bacteria for the digestion process. The following chemicals were used to adjust the pH since they 
were mostly acidic to a range of 6.5-7.5, Sodium Hydroxide (NaOH), Ca(OH)2, and CaCO3. Deionized water 
(H2O) was used to prepare the solutions and also for the equipment (water bath and flow cell). Nitrogen (N2) 
gas is used to purge the entire system, allowing for an anaerobic environment.  
2.2. Experimental methods 
The biochemical methane potential tests were carried out using bioprocess control AMPTS II. The 
machine is made up of 3 components (i) digester, (ii) CO2 fixing unit, and (iii) gas collecting unit. It’s a 
batch system which is set up and led to run until digestion is complete. FVW samples collected from the 
landfill were used as substrate. A 500 ml digester, with effective volume of 400 ml, was used for biogas 
production which had head space of 150 ml. The temperature of the process was kept constant at mesophilic 
temperature of 37 °C. 
Sodium hydroxide, obtained from Sigma-Aldrich (South Africa), was used for CO2 removal. A 3M 
NaOH solution was prepared to be used as the scrubbing solution to absorb the impurities. A pH indicator 
solution was added to determine the saturation point for the cleaning solution for replacement. The substrate 
as obtained from the site was made up of different type of wastes in different sizes. A household blender was 
used to homogenize the feedstock which was then prepared and fed into the digester. A pH test was done 
after the substrate was inoculated using cow dung to adjust it to the optimum of 6.5-7.5.Nitrogen gas was 
used to purge the system by removing the oxygen and creating an anaerobic condition. The digester was 
connected to a 100ml bottle (used as scrubber) filled with 80 ml of the 3M NaOH solution. The gas exiting 
the CO2 fixing unit was sent to the flow cell (gas collection) where the volume of biomethane is determined 
as shown in Fig. 1. A sample of the gas produced was analyzed using the gas chromatograph machine to 
determine the gas composition.  
 
Fig. 1: Bioprocess AMPTS II experimental setup for BMP analysis 
3. Results and Discussion 
Biochemical methane potential of FVW from the Johannesburg Market was studied and the results that 
were obtained are discussed in this section. The initial pH of the feedstock was low during the preparation of 
the feed since FVW are acidic and thus buffer solutions were used to increase the pH to 6.5-7.5.  
3.1. The effect of buffering solution on methane yield 
  
The digester with pH adjusted with CaCO3 resulted in high biomethane yields of 3354 Nml/g VS on 
average as shown in Fig. 2. This can be attributed to the source of nutrients role played by CaCO3 on the 
microbes. The main contributor is the Ca+ ions which favour the performance of the micro-organisms [15], 
[16]. This can be seen also in the yields obtained with Ca(OH)2 which are 2 to 3 times more as compared to 













Fig. 2: Cumulative methane yield from the different digesters 
3.2. The effect of process parameters 
The hydraulic retention time for the FVW biomethane test was short as observed in Fig. 2 and Fig. 3 as 
the digestion process would normally run. This may be due to the pH drop during digestion of fruits and 
vegetables. Hence, pH monitoring is recommended as the methanogenic bacteria are sensitive to pH change. 
The drop of pH also leads to accumulation of volatile fatty acids which hinders anaerobic digestion process 
and further leads to digester failure [15], [17]. The ratio of substrate to inoculum also affects the yield and 
retention time as a balance should exists such that there is available substrate for the microbes in the digester. 














Fig. 3: Effect of inoculation on biogas production  
The dynamics of anaerobic digestion are complex and thus optimization studies need to be carried out in 
order to investigate the operating conditions favourable for a set of substrates. The inoculum to substrate 
ratio affects the gas yield, the type of substrate and its characteristics also affect the anaerobic digestion 
process.   
  















Fig. 4: Gas production rate 
 
Daily methane production rate for the digesters was recorded and shown in Fig. 4. The digesters (1-3) 
had an optimum production of 3 days and digester 4 had 4 days respectively. The day with the highest rate as 
observed is day 2 for all digesters where hike is realised especially for digester 4 and a very sharp 
deterioration as the digestion process comes to an end. The anaerobic digestion of fruit and vegetable waste 
is a complex and sensitive process because of their acidic nature and hence co-digestion with a more basic 
substrate can address this challenge, pre-treatment of the substrate by buffers like NaOH, a two-step 
continuous AD process which separates the hydrolysis step from the methanogenesis step [1], [18, [19].  
3.4. The composition of the biogas 
The other important aspect in anaerobic digestion is the determination of the composition of the biogas. 
The methane content was in the range of 50-60 % volume. The BMP for the FVW was determined to be on 
average 300 ml CH4 /g VS added and this results are in agreement to the results obtained by Sitorusa, et al. 
[20]. 
4. Conclusions 
Biogas production from fruit and vegetable waste was studied to determine the biochemical methane 
potential using Bioprocess AMPTS II. The study showed that pH plays an important role in anaerobic 
digestion and thus the optimum pH should be maintained throughout the process. CaCO3 is a good buffer but 
poses threat to the environment hence its use was discontinued. The BMP for FVW is 300 ml CH4 /g VS 
added with methane content of 50-60 % in volume.  
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